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Accepted 3 February 2012The objective of this study was to evaluate lyophilized bovine colostrum as an alternative
source of passive immunity and insulin like growth factor I (IGF-I) for goat kids, considering
newborns consuming non-maternal colostrum. Twenty-nine male newborns received 5% of
body weight of lyophilized bovine (LBC) or goat colostrum (GC), both with 55 mg/mL of IgG,
at 0, 7 and 14 h of life. Blood samples were collected at 0, 7, 14, 18, 24, 36, 48, 72 and 96 h
of life to determine serum IgG, total protein (TP), IGF-I and apparent efficiency of IgG absorp-
tion at 7, 14, 18 and 24 h (AEA7hr, AEA14hr, AEA18hr, AEAtotal, respectively). In LBC, the values of
serum IgG at 14, 18, 24 and 48 h (13.1, 13.4, 14.1 and 14.6 mg/mL, respectively) were higher
than the values at 0 and 7 h (0.04 and 6.9 mg/mL, respectively). In GC, the serum IgG at 18 h
(9.3 mg/mL) was higher than the value at 7 h (5.5 mg/mL). AEA7hr and AEA14hr in LBC were
the same (19.2 and 18.5%, respectively, P>0.05) and the values of AEA18hr and AEAtotal, 9.3
and 9.5%, respectively, were equal and smaller than AEA7hr and AEA14hr. In GC, AEA7hr, 20.8%,
was higher than AEA14hr, 16.1% (Pb0.05) and AEA18hr and AEAtotal, 9.2 and 8.0%, respectively,
were equal and smaller than AEA7hr and AEA14hr. The serum TP and IGF-I were not affected
by colostrum feeding. Considering the variables study in the present work, lyophilized bovine
colostrum constitutes a promising alternative substitute to goat colostrum in newborn goat
kids, since the supply of immunoglobulins and IGF-I was suitable for the kids.
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Proper acquisition of antibodies from colostrum in the
first hours of life ensures protection of small ruminants,
thereby reducing the occurrence of morbidity and mortality in
the herd (Constant et al., 1994; O'Brien and Sherman, 1993).
The same colostrum that confers protection to the newborn
can transmit pathogens, such as Caprine Arthritis Encephalitis
Virus (CAEV) that constitutes amajor concern in the productive
sector of goats (Alvarez et al., 2005).
Pasteurization of goat colostrum has been the main pro-
posed alternative, a difficult and relatively expensive practice3418-900, Piracicaba,
9 3429 4883.
chado-Neto).
lsevier OA license.for the small producer to implement. In addition, it can cause
a decrease in immunoglobulin concentration by protein dena-
turation, resulting in failure of passive transfer to newborns
Alternatives have been investigated for the replacement
of small ruminant colostrum seeking to prevent the transmis-
sion of pathogens and to ensure adequate transfer of immu-
noglobulins (Castro et al., 2005; Constant et al., 1994; Lima
et al., 2009; Mellado et al., 2008; Moretti et al., 2010a,
2010b; Quigley Iii et al., 2002; Zadoks et al., 2001). Among
the alternatives, the supply of lyophilized goat colostrum
and bovine colostrum can be considered the most promising
(Castro et al., 2005; Lima et al., 2009). The production of a
bovine colostrum bank is an important management tool in
commercial operations, ensuring the supply of an adequate
quantity of immunoglobulins to newborn small ruminants
(Lima et al., 2009; Moretti et al., 2010a, 2010b). The homology
Table 1
Chemical composition and IGF-I concentration (mean±standard deviation)
of lyophilized bovine1 and goat2 colostrum meals fed to newborn goat kids.
Lyophilized bovine
colostrum
Goat colostrum
Humidity and voletile, % 81.1 79.9
Dry matter, % 18.9 20.1
Crude protein, % 9.4 9.8
Fat, % 4.0 7.8
IGF-I (ng/mL) 158.7 356.3
IgG (mg/mL) 55.0 55.0
1 Lyophilized bovine colostrum resuspended in water and diluted with
whole milk.
2 Goat colostrum diluted with whole milk.
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logical activity of thesemacromolecules in the different species
(Curtain and Fudenberg, 1973).
Besides its role in neonatal immunity, colostrum is an impor-
tant source of bioactive substances and hormones, including the
bioactive factors that are associated with the development of
newborns, especially in the gastrointestinal tract (Kelly and
Coutts, 2000; Odle et al., 1996; Pauletti et al., 2007; Rooke and
Bland, 2002). Among the bioactive factors present in this lacteal
secretion, the insulin-like growth factor type I (IGF-I), a peptide
of 7.5 kDa that mediates the major effects of growth hormone
(GH), is one of the most investigated (Blum and Baumrucker,
2002; Georgieva et al., 2003; Pauletti et al., 2007).
Colostrum of ruminants has a high concentration of IGF-I,
between 200 and 500 ng/mL when compared to milk, which
can contain up to 35 ng/mL of this bioactive factor (Odle et
al., 1996; Pauletti et al., 2005). Despite the significant concen-
tration of IGF-I in the colostrum, little of what is ingested is
absorbed into the circulatory system of the suckling neo-
nates, suggesting that the main action of colostrum IGF-I is
local and related to gastrointestinal tract development
(Odle et al., 1996; Pauletti et al., 2007; Rauprich et al., 2000).
The objective of this study was to evaluate lyophilized
bovine colostrum as an alternative source of passive immunity
and IGF-I for goat kids, considering newborns consuming non-
maternal colostrum.
2. Materials and methods
2.1. Animals, feeding and experimental procedures
The experiment was conducted on the Intensive System
of Sheep and Goats Production (ESALQ/USP). In this study,
29 Saanen×Boer male goat kids were available. The animals
were maintained and treated in adherence to accepted stan-
dards for humane treatment of animals (authorized by ESALQ/
USP ethics committee).
Bovine and goat 1st milking colostrum from two Holsteins
cows and 14 Sannen×Boer goats were collected before the
experiment. The colostrums were homogenized to produce
two pools of bovine and goat colostrum, respectively. Both
pools were stored at −20 °C until use. Samples of each pool
were collected for determination of IgG concentration by
radial immunodiffusion (Besser et al., 1985; Mancini et al.,
1965). The frozen pool of bovine colostrum was lyophilized
(Modulyo, EC Apparatus INC.). The resulting powder was
homogenized and stored in a tightly sealed container at−20 °C.
At the moment of offering the meals, the pool of goat
colostrum was diluted with whole milk until reaching a con-
centration of 55 mg/mL of IgG. Bovine colostrumpowder, how-
ever, was resuspended in water until it reached the original
chemical composition of colostrum taken in the lyophilization
process and, subsequently, diluted with whole milk until
reaching a concentration of 55 mg/mL of IgG.
Aliquots of lyophilized bovine and goat colostrum meals
were used for the determination of their chemical composition
using standard procedures of A.O.A.C. (2000). The IGF-I con-
centration was determined by immunoenzymatic assay after
extraction procedure using the kit IGF-1 EIASIA KAP1581 (Dia-
Source Immunoassays S.A.). Colostrum chemical composition
and IGF-I concentration are shown in Table 1.The newborn goat kids were separated from their
mothers immediately after birth, without maternal colos-
trum intake. Thereafter, the animals received 5% of body
weight of lyophilized bovine colostrum (LBC group) or goat
colostrum (GC group) at 0, 7 and 14 h of life. Blood samples
were collected from jugular vein, approximately 4 mL per
animal, at 0, 7, 14, 18, 24, 36, 48, 72 and 96 h of life, and sub-
sequently centrifuged at 4000×g for 15 min. The resulting
serum was transferred to identified eppendorf tubes and
stored at −20 °C.2.2. IgG and total protein serum determination
The IgG serum was quantified according to Mancini et al.
(1965). The method relates the diameter of precipitation
ring formed by the reaction of the IgG in the sample with
the antiserum IgG present in the agar. The diameters of sam-
ples are comparedwith the diameters of previously established
standards. The agar was prepared with bovine or goat IgG anti-
serum (Sigma Chemicals Company, USA) and for standards
curves, bovine and goat IgG (Sigma Chemicals Company, USA)
were used, respectively.
The IgG apparent efficiency of absorption (AEA) at 7, 14,
18 and 24 h of life was determined using the following formula
(Besser and Osborn, 1993).
AEA %ð Þ serum IgG concentration plasma volume½ 
colostrum IgC concentration intake colostrum volume½   100
To calculate the apparent efficiency of absorption at
different sampling times (7,14 and 18 h), plasma volume
was based on 8% of initial body weight (Besser and Osborn,
1993), IgG concentration in the colostrum was 55 mg/mL,
serum IgG concentration for each sampling time and intake
colostrum volume a sum of the meals ingested (one, two
and three meals of colostrums, respectively, based on 5% of
initial body weight). Total apparent efficiency of absorption
(AEAtotal), ie, apparent efficiency of absorption at 24 h of life,
was determined considering serum IgG concentration at 24 h
of life and a volume sum of three meals of colostrum (based
on 5% of initial weight) (Moretti et al., 2010a).
The serum total protein (TP) was determined by the biuret
reaction (Reinhold, 1953).
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Concentrations of IGF-I (ng/mL) on duplicate samples of
serum were quantified by immunoenzymatic assay after
extraction procedure using the kit IGF-1 EIASIA KAP1581
(DiaSource Immunoassays S.A.). Human and caprine IGF-I
(91%) and human and bovine (94%) present a high identity
(BLAST — NCBI) and even a murine anti-human IGF-I mono-
clonal antibody exhibits a very large cross-species reactivity
(Su et al., 1997), which allowed us to use a human IGF-I kit
to determine IGF-I concentrations in goat serum and colos-
trum and in bovine colostrum (Acuti et al., 2009; Pauletti et
al., 2005, 2007).
After, IGF binding proteins were removed from the sam-
ples using the acid-ethanol method, IGF-I labeled with horse-
radish peroxidase was added. The labeled bioactive peptides
competed with unlabelled IGF-I present in the calibrators,
controls and samples for a limited number of binding site,
anti-IGF-I, in the microtiterplate. After 1 hour incubation at
room temperature, the microtiterplate was washed to stop
the competition reaction. The chromogenic solution (TMB)
was added and incubated for 30 min. The reaction was
stopped with the addition of HCl 1.0 N and the microtiter-
plate was then read at thewavelength 450 nm. The absorbance
was inversely proportional to the IGF-I concentration. A
4-parameter logistic function curve fitting was used to calcu-
late the IGF-I concentration.Table 2
Birth weight, plasma volume, total IgG intake and total IGF-I intake of goat
kids fed lyophilized bovine and goat colostrum.
LBC GC
Number of goat kids 14 15
Birth weight (Kg) 3.8±0.2 3.7±0.2
Plasma volume (mL) 304.8±14.0 295.5±12.5
Total IgG Intake (g) 31.4±1.4 30.5±1.3
Total IGF-I intake (mg) 90.7±4.0 197.2±8.5
LBC— goat kids fed 5% of body weight of lyophilized bovine colostrum at 0, 7
and 14 h of life; GC — goat kids fed 5% of body weight of goat colostrum at 0,
7 and 14 h of life.2.4. Statistical analyses
A completely randomized design was used. The statistical
analysis was performed using SAS software (SAS Institute
Inc., 2008). The serum variables were analyzed as a repeated
measure-over-time design, considering colostrum and sam-
pling time as main effects. The goat kid effect was considered
random, and the other effects were considered fixed in the
model.
In the statistical analysis of serum IgG and AEA, the com-
pound symmetry heterogeneous (CSH) and unstructured
(UN) covariance matrix were used, respectively. For these
variables, the initial weight of the animals contributed signifi-
cantly as co-variable (Pb0.05). In the statistical analysis of
serum TP and IGF-I, the autoregressive AR(I) covariancematrix
was used and for the last variable, the initial serum IGF-I (at
0 h) was used as co-variable (Pb0.05).
The data were submitted to analysis of variance using
general linear mixed models (MIXED procedure). Means
comparison was made based on differences in least-square
means, with P values adjusted for multiple comparisons
using Tukey option in the MIXED procedure (α=0.05).
The transformation of the IgG (square root) and AEA (log
base 10) values were used and these results are presented
as retransformed least-square means (x2 and 10x, respec-
tively). The serum TP and IGF-I values are presented as
least-square means and mean, respectively, and standard
errors.
Pearson and Spearman correlation analysis, through PROC
CORR program from SAS software (SAS Institute Inc., 2008),
was taken to verify associations between serum variables of
interest.3. Results
Birth weight, plasma volume, total IgG intake and total
IGF-I intake of goat kids fed lyophilized bovine and goat
colostrum are shown in Table 2.
Serum IgG was undetectable in all 0 h samples, confirm-
ing that goat kids did not suckle their mothers. The serum
IgG concentrations differed between colostrum and sampling
time and interaction was observed between the parameters,
Fig. 1. Although no statistical differences were detected by
Tukey's test between groups within each sampling time
(P>0.05), a different fluctuation of serum IgG was observed
in goat kids fed lyophilized bovine colostrum compared to
animals fed goat colostrum. In LBC group, the values of the
serum IgG at 14, 18, 24 and 48 h (13.1, 13.4, 14.1 and
14.6 mg/mL, respectively) were higher than the values at
0 and 7 h (0.04 and 6.9 mg/mL, respectively). In GC group,
the serum IgG at 18 h was higher than the value at 7 h (9.3
and 5.5 mg/mL, respectively).
The AEA was affected by sampling time and interaction
was observed between colostrum and sampling time, Fig. 2.
In LBC, AEA7hr was the same of AEA14hr (19.2 and 18.5%,
respectively, P>0.05) and the values of AEA18hr and AEAtotal,
9.3 and 9.5%, respectively, were equal and smaller than
AEA7hr and AEA14hr. In GC group, AEA7hr was higher than
AEA14hr, 20.8 and 16.1%, respectively (Pb0.05) and the values
of AEA18hr and AEAtotal, 9.2 and 8.0%, respectively, were equal
and smaller than AEA7hr and AEA14hr.
Correlation analysis between serum AEA and sampling
time was significant (Pb0.05), with values of r=−0.48 for
LBC and r=−0.65 for GC.
Effect of sampling timewas observed in the serum TP con-
centration, Fig. 3. In the period 7 to 72 h of life, the TP concen-
trations were higher than at 0 h of life, while the period from
14 to 36 h of life showed TP concentrations greater than at 7 h.
Correlation analysis between serum IgG and TP, regardless
of colostrum ingested, was significant (Pb0.05), with a value
of r=0.58.
There was no effect of colostrum, sampling time and in-
teraction between colostrum and sampling time to the IGF-I
serum variable, Table 3.
4. Discussion
Different IgG fluctuation between the groups was detected
by analysis of variance. In LBC group, serum IgG at 14, 18, 24
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serum IgG at 0 and 7 h differed only from the value at 18 h.
O'Brien and Sherman (1993) establish the value of 12 mg/
mL of IgG at 24 to 48 h of life as critical to goat kids not fail
to acquire passive immunity. Mellado et al. (1998), in turn,
define concentrations above 8 mg/mL of IgG at 24 h of life
to result in significant lower rates of mortality in the herd.
Serum levels of IgG in the LBC group remained above
12 mg/mL between 14 and 48 h of life, while in GC group,
the serum concentration of IgG was lower than this value.
According to Castro et al. (2005), the intake of 4 g of IgG/kg of
body weight is sufficient to ensure adequate immunoglobulin0
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animals, approximately 31.6 mg/mL.
The amount of immunoglobulins transferred to newborns
may be affected by several factors, including time elapsed
between birth and first colostrum feeding and immunoglobu-
lins concentration in this lacteal secretion (Lima et al., 2009;
Moretti et al., 2010a). In this study, decreasing capacity of IgG
absorption, between 7 and 14 h, was observed in GC, while in
LBC, AEA7hr was the same of AEA14hr, which can be related
with serum IgG values above 12 mg/mL between 14 and 24 h
in this group. The AEA7hr, which represents a maximum capac-
ity of absorption of enteric tissue from the first meal (AEAmax)
was higher than AEAtotal in both LBC and GC, indicating that
the process of IgG absorption in the first 24 h of life in goat
kids has changed. Kindlein et al. (2007), working with calves,
supplemented with colostrum containing different concentra-
tions of IgG observed values of AEAmax higher than the AEAtotal.
The authors suggested that in the initial phase of the first
generation of enterocytes there is a greater intensity of the
IgG absorption mechanism. During the first 24 h of life, the
intestinal epithelium of goat kids showed decreasing ability to
macromolecules internalization, reaffirming that the first
meal of colostrum should be given to the animals as soon as
possible after birth (Argüello et al., 2004; Kindlein et al.,
2007). Despite the different behavior of AEA variable between
the groups, AEAtotal was the same for LBC and GC, 9.5 and
8.0%, respectively, showing that heterologous immunoglobulins
from bovine were absorbed as easily as homologous caprine
immunoglobulins.
The higher concentrations of serum TP after colostrum
ingestion showed the remarkable influence of exogenous IgG
in the fluctuation of this variable. In the present study, serum
IgG represented about 20.4% of TP serum to LBC and 16.1% to
GC, and correlation was 0.57. Moretti et al. (2010b), in turn,
observed that 34.8% of serum TP of lambs fed bovine or ovine
colostrum corresponded to IgG fraction and the correlation be-
tween the variables was 0.81. In this study, probably due to the
lower participation of IgG in the serum TP, differences between
LBC and GC groups in the fluctuation of this variable were not
observed up to 96 h of life.Difference in serum IGF-I concentration between groups
and sampling times was not observed. There was, however,
considerable variation in the concentration of this bioactive
factor at birth, from 13 to 93 ng/mL. Similar results were
observed in cattle by Gallo and Block (1990) and Pauletti et al.
(2007). Sparks et al. (2003) suggested that serum concentrations
of IGF-I in the first 48 h of life depend on the serum levels
recorded at birth. However, in this work, the variation in serum
IGF-I at birth did not affect the values up to 96 h.
The result of this study, like others (Pauletti et al., 2007;
Sparks et al., 2003) indicates that the IGF-I serum concentra-
tion is not affected by the amount of this bioactive factor
available in colostrum. According to Baumrucker et al.
(1994), Blum and Baumrucker (2002) and Pauletti et al.
(2007) IGF-I is not absorbed by intestinal cells and its main
effect is to mediate development of the gastrointestinal
tract. In the present work, the great difference in IGF-I intake
between LBC and GC, could have interfered in the gut develop-
ment affecting the absorption of IgG. Moreover, the precocious
development of the gut due to the high concentration of IGF-I
might change the time course response of IgG absorption in
the goat kids receiving goat colostrum.
5. Conclusion
Considering the variables study in the present work, lyoph-
ilized bovine colostrum constitutes a promising alternative
substitute to goat colostrum in newborn goat kids, since the
supply of immunoglobulins and IGF-I was suitable for the kids.
Conﬂict of interest statement
We declare there is no conflict of interest in the manu-
script: Lyophilized bovine colostrum as a source of immuno-
globulins and insulin-like growth factor for newborn goat
kids.
Débora Botéquio Moretti, Wiolene Montanari Nordi, Anali
Linhares Lima, Patrícia Pauletti, Ivanete Susin and Raul
Machado-Neto.
Ta
bl
e
3
Se
ru
m
IG
F-
Ic
on
ce
nt
ra
ti
on
(l
ea
st
-s
qu
ar
e
m
ea
ns
±
st
an
da
rd
er
ro
rs
)
in
go
at
ki
ds
.
0
h
7
h
14
h
18
h
24
h
36
h
48
h
72
h
96
h
G
en
er
al
m
ea
n
Co
lo
st
ru
m
Sa
m
pl
in
g
ti
m
e
In
te
ra
ct
io
n
⁎
LB
C
44
.3
±
4.
5
30
.2
±
4.
4
28
.0
±
4.
4
37
.5
±
4.
5
27
.8
±
5.
3
23
.6
±
7.
4
19
.9
±
8.
7
20
.9
±
8.
6
29
.4
±
7.
8
29
.1
±
2.
9
0.
10
0.
15
0.
07
G
C
40
.0
±
4.
3
43
.0
±
4.
3
46
.0
±
4.
4
41
.4
±
4.
4
43
.8
±
5.
3
35
.2
±
7.
2
29
.4
±
8.
7
27
.5
±
10
.7
24
.3
±
11
.1
36
.7
±
3.
4
G
en
er
al
m
ea
n
42
.2
±
3.
1
36
.6
±
3.
1
37
.0
±
3.
1
39
.5
±
3.
1
35
.8
±
3.
7
29
.4
±
5.
1
24
.7
±
6.
2
24
.2
±
6.
9
26
.8
±
6.
9
LB
C
—
go
at
ki
ds
fe
d
5%
of
bo
dy
w
ei
gh
t
of
ly
op
hi
liz
ed
bo
vi
ne
co
lo
st
ru
m
at
0,
7
an
d
14
h
of
lif
e;
G
C
—
go
at
ki
ds
fe
d
5%
of
bo
dy
w
ei
gh
t
of
go
at
co
lo
st
ru
m
at
0,
7
an
d
14
h
of
lif
e.
*I
nt
er
ac
ti
on
be
tw
ee
n
co
lo
st
ru
m
an
d
sa
m
pl
in
g
ti
m
e.
228 D.B. Moretti et al. / Livestock Science 145 (2012) 223–229Acknowledgments
This study is supported by Fundação de Amparo à Pesquisa
do Estado de São Paulo — FAPESP.
References
Acuti, G., Todini, L., Malfatti, A., Antonini, M., Barbato, O., Trabalza-Marinucci,
M., 2009. Effects of filed bean (Vicia faba L. var. minor) dietary supple-
mentation on plasma thyroid hormones, insulin, insulin-like growth
factor-1 concentrations and mohair characteristics in growing Angora
goat kids. J. Anim. Phys. Anim. Nutr. 93, 456–466.
Alvarez, V., Arranz, J., Daltabuit-Test, M., Leginagoikoa, I., Juste, R.A., Amorena,
B., de Andrés, D., Luján, L.L., Badiola, J.J., Berriatua, E., 2005. Relative con-
tribution of colostrum from Maedi-Visna virus (MVV) infected ewes to
MVV-seroprevalence in lambs. Res. Vet. Sci. 78, 237–243.
AOAC, 2000. Official Methods of Analysis of AOAC International, 16 ed.
(Whashington, DC, 245 V.1, Z, 1094p).
Argüello, A., Castro, N., Capote, J., Tyler, J.W., Holloway, N.M., 2004. Effect of
colostrum administration practices on serum IgG in goat kids. Liv. Prod.
Sci. 90, 235–239.
Baumrucker, C.R., Hadsell, D.L., Blum, J.W., 1994. Effects of dietary insulin-
like growth factor I on growth and insulin-like growth factor receptors
in neonatal calf intestine. J. Anim. Sci. 72, 428–433.
Besser, T.E., Osborn, D., 1993. Effect of bovine serum albumin on passive
transfer of immunoglobulin G1 to newborn calves. Vet. Immunol. Immu-
nopathol. 37, 321–327.
Besser, T.E., Garmedia, A.E., McGuire, T.C., Gay, C.C., 1985. Effect of colostral
immunoglobulin G1 and immunoglobulin M concentrations on immu-
noglobulin absorption in calves. J. Dairy Sci. 68, 2033–2037.
Blum, J.W., Baumrucker, C.R., 2002. Colostral and milk insulin-like growth
factors and related substances: mammary gland and neonatal (intestinal
and systemic) targets. Domest. Anim. Endocrinol. 23, 101–110.
Castro, N., Capote, J., Álvarez, S., Argüello, A., 2005. Effects of lyophilized co-
lostrum and different colostrum feeding regimens on passive transfer of
immunoglobulin G in Majorera goat kids. J. Dairy Sci. 88, 3650–3654.
Constant, S.B., Leblanc, M.M., Klapstein, E.F., Beebe, D.E., Leneau, H.M.,
Nunier, C.J., 1994. Serum immunoglobulin-g concentration in goat kids
fed colostrum or a colostrum substitute. J. Am. Vet. Med. Assoc. 205,
1759–1762.
Curtain, C.C., Fudenberg, H.H., 1973. Evolution of the immunoglobulin anti-
gens in the ruminantia. Biochem. Genet. 8, 301–308.
Gallo, G.F., Block, E., 1990. Effects of recombinant bovine somatotropin on
nutritional status of dairy cows during pregnancy and of their calves. J.
Dairy Sci. 3266–3275.
Georgieva, T.M., Georgiev, I.P., Ontsouka, E., Hammon, H.M., Pfaffl, M.W.,
Blum, J.W., 2003. Abundance of message for insulin-like growth
factors-I and -II and for receptors for growth hormone, insulin-like
growth factors-I and -II, and insulin in the intestine and liver of pre-
and full-term calves. J. Anim. Sci. 81, 2294–2300.
Kelly, D., Coutts, A.G.P., 2000. Development of digestive and immunological
function in neonates: role of early nutrition. Liv. Prod. Sci. 66, 161–167.
Kindlein, L., Pauletti, P., Bagaldo, A.R., Machado-Neto, R., 2007. Efeito do
fornecimento adicional de colostro sobre as concentrações séricas de
IgG, PT e IGF-I de bezerros neonatos. Rev. Bras. Saúde Prod. Anim. 8,
375–385.
Lima, A.L., Pauletti, P., Susin, I., Machado-Neto, R., 2009. Fluctuation of serum
variables in goats and comparative study of antibody absorption in
new-born kids using cattle and goat colostrum. Braz. J. Anim. Sci. 38,
2211–2217.
Mancini, G., Carbonara, A.O., Heremans, J.F., 1965. Immunochemical quanti-
tation of antigens by single radial immunodiffusion. Immunochemistry
2, 235–254.
Mellado, M., Del Angel, E., Rebolloso, O., Garcı ́a, E., 1998. Immunoglobulin G
concentration and neonatal survival of goat kids delivered in a pen or on
open range. Pre. Vet. Med. 37, 33–39.
Mellado, M., Pittroff, W., Garcia, J.E., Mellado, J., 2008. Serum IgG, blood
profiles, growth and survival in goat kids supplemented with artificial
colostrum on the first day of life. Trop. Anim. Health Prod. 40, 141–145.
Moretti, D.B., Kindlein, L., Pauletti, P., Machado-Neto, R., 2010a. IgG absorp-
tion by Santa Ines lambs fed Holstein bovine colostrum or Santa Ines
ovine colostrum. Animal 4, 933–937.
Moretti, D.B., Pauletti, P., Kindlein, L., Machado-Neto, R., 2010b. Enteric cell
proliferation in newborn lambs fed bovine and ovine colostrum. Liv.
Sci. 127, 262–266.
O'Brien, J.P., Sherman, D.M., 1993. Serum immunoglobulin concentrations of
newborn goat kids and subsequent kid survival through weaning. Small
Rumin. Res. 11, 71–77.
229D.B. Moretti et al. / Livestock Science 145 (2012) 223–229Odle, J., Zijlstra, R.T., Donovan, S.M., 1996. Intestinal effects of milkborne growth
factors in neonates of agricultural importance. J. Anim. Sci. 74, 2509–2522.
Pauletti, P., Bagaldo, A.R., Kindlein, L., de Paz, C.C.P., Lanna, D.P.D., Neto, R.M.,
2005. IGF-I and IgG serum concentrations in mammary secretions in
cows treated with rbST prepartum. Braz. J. Anim. Sci. 34, 976–986.
Pauletti, P., Bagaldo, A.R., Kindlein, L., Machado, R., 2007. Insulin-like growth
factor-I, passive immunity transfer, and stereological characteristics of
small intestine of newborn calves. Anim. Sci. J. 78, 631–638.
Quigley Iii, J.D., Kost, C.J., Wolfe, T.M., 2002. Absorption of protein and IgG in
calves fed a colostrum supplement or replacer. J. Dairy Sci. 85, 1243–1248.
Rauprich, A.B., Hammon, H.M., Blum, J.W., 2000. Effects of feeding colostrum
and a formula with nutrient contents as colostrum on metabolic and
endocrine traits in neonatal calves. Biol. Neonate 53–64.
Reinhold, J.G., 1953. Total protein, albumin and globulin. REINER, M. Stand.
300 Methods Clin. Chem., vol.1. Academic Press, New York, p. 88.Rooke, J.A., Bland, I.M., 2002. The acquisition of passive immunity in the
new-born piglet. Liv. Prod. Sci. 78, 13–23.
SAS Institute Inc., 2008. SAS/STAT ®9.2 User’s Guide. SAS Institute Inc, Cary,
NC.
Sparks, A.L., Kirkpatrick, J.G., Chamberlain, C.S., Waldner, D., Spicer, L.J., 2003.
Insulin-like growth factor-I and Its binding proteins in colostrum compared
to measures in serum of holstein neonates. J. Dairy Sci. 86, 2022–2029.
Su, J.L., Stimpson, S., Edwards, C., van Arnold, J., Burgess, S., Lin, P.Y., 1997.
Neutralizing IGF-1 monoclonalmantibody with cross-species reactivity.
Hybridoma 16, 513–518.
Zadoks, R.N., Orsel, K., Verwer, C., de Winter, A., van Amerongen, J.J.,
Wensing, T., 2001. Serum gammaglobulin titer in goat kids after colos-
trum administration: effect of commercial colostrum replacers. Tijdschr.
Diergeneeskd. 126, 646–650.
